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ABSTRACT 


This thesis has developed and designed a functional 
housing system referred to as the FLEXI-GROW housing system that 
is priced to meet the demand of the low-to-medium income family. 

The results of the study show that the function of the 
FLEXI-GROW housing system can be accomplished by using prefabricated 
load bearing panels, which are assembled using a specially designed 
locking mechanism. 

Special emphasis has been placed on the design of a 


manufacturing facility to produce the housing panels. 
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CHAPTER I 
INTRODUCTION 

By the year 2000, the total number of residential dwellings 
in the world will likely be double that of today. This will result 
from the growth of the world's population from the present figure of 
4 billion to 6.5 billion over the next 30 vears. [1] 

Canada is faced with building approximately 2,500,000 new 
dwellings in the coming decade to meet our housing needs. There is 
a need within the building industry and the government to develop 
modern techniques and new materials in order to overcome the high 
cost and shortage of housing. The problem is becoming serious due 
to the fact that the rising cost of residential dwellings in the 
country has reached the point where the cost of a residential dwelling 
may soon be out of the reach of the average income family. 

All phases of the housing problem should be fully studied 
from the standpoint of planning, programming, design, production, and 
construction in order to meet the increasing demand and contribute to 
the welfare of society. 

This study is an extension of the work conducted in the 
department (see foot note) and aimed at developing a housing system 


to help alleviate the housing problem for low-to-medium income families. 


CHOE, J., "The Design of FLEXI-GROW Housing System", The Department 


of Mechanical Engineering, University of Alberta, 1973. 
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The approach pursued is to design homes with enough flexibility to 
expand and change with the families' requirements. It is referred to 
as the FLEXI-GROW housing svstem. This system allows the family to 
start with a small house and expand it economically as desired. The 
house has been desiaqned to meet the changing demands of the owner 
and to keep the initial investment and monthly payments to a minimum. 

In this study, these objectives have been accomplished through 
applying the total systems approach to the design and production 
in order to reduce the material and manufacturing cost and to 
Shorten the erection time on-site to a major degree. The design 
utilizes plastics and steel, relatively new materials to the housing 
industry. These materials and the dwelling plans which are developed 
and designed in this study allow much closer tolerances than can 
economically be maintained with wood making factory production a reality. 
Combining these factors with lower wage rates than conventional construction, 
additional savings in large quantity purchases of the materials and 
efficient manpower utilization allow a single family dwelling to be 
constructed with reasonable flexibility at a lower cost than most 


present methods of construction. 
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CHAPTER II 
FLOOR PLAN DEVELOPMENT 
The development of the FLEXI-GROW housing system is 
dependent on a basic floor plan that can be readily expanded to 


accommodate any size family. 


2.1 An Acceptable Module for Design 
1. The module determines the measurement upon which an 


architectural desian is based. 


2. The module determines the exact dimensions of each building component. 


3. The module determines the position of the building components 
within the system and within the building itself. 

Due to its convenience, the modular concept accepted by most 
countries in the world is either in centimeters or inches. In 1959, 
the Housing Committee of the European Economic Commission agreed on 
the basic module of 10 centimeters. This was a decision of fundamental 
importance, which also corresponded to the Anglo-American measurement 
of 4 inches, approximately 10 centimeters, and 1 foot, approximately 
30 centimeters. The Soviet Union had previously introduced the 
basic module of 10 centimeters in 1954. 

Canada will likely eventually change to the metric system. 
Therefore, the chosen basic module for the FLEXI-GROW housing 
system is four inches, which can easily be converted to 10 centimeters. 
2c eeLO trot Ze 

The standard residential lot sizes are usually determined by 


local and provincial regulations. For example, in Alberta they are 
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determined by Alberta Regulation 215/67, The Subdivision and Transfer 
Regulation. 

According to this, the Province has defined lots for single 
family homes as being a minimum of 5,000 square feet with a mean 
length of at least 100 feet and a mean width of at least 40 feet. 

In those subdivisions where no roadway and utility right-of-way 
(i.e. lanes) exist, lots must be a minimum of 5,500 square feet with 
a mean width of at least 55 feet and a length of not less than 100 
feet, 

The typical residential lot size provided by the City of 
Edmonton is 50 feet to 60 feet by 110 feet. The city is going to 
change the regulation on minimum lot size requirement to obtain more 
flexibility in planning. However, the short side of the lot will 
remain at 50 feet to 60 feet. 

Therefore a lot size of 50 feet by 110 feet was used in 
this design project to develop the floor plans for the FLEXI-GROW 
housing system. 

2.3. The Basic Floor Plan and Its Expansion 

Average ages of brides and bridegrooms for first marriages 
are 22 and 25, respectively [2]. The average age of the NHA, 
(National Housing Act), borrower is 33 years, and the borrower has, 
on the average, two children [3]. Using this data as a basis the 
initial floor plan was developed to provide two bedrooms, a living 


room, a dinette, a kitchen and a bathroom. 
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The initial floor plan has 720 square feet, (24 feet by 30 


feet). This provides the following areas: 


Room Square Feet 
(1) Master bedroom 144 
(2) Second bedroom 96 
(3) Living room V2 
(4) Dinette 48 
(5) Kitchen 80 
(6) Three closets 34 
(7) Bathroom 48 
(8) Hallway 98 
Total Area 720 square feet 


The details of the initial floor plan and some possible 
expansions are shown in Figure 2.1, 2.2 and 2.3. Other alternative 


floor plans are included in Appendix A. 
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CHAPTER III 
DEVELOPING A PANEL SYSTEM FOR THE 
FLEXI-GROW HOUSING SYSTEM 


At present, home construction is predominantly on-site 
and involves many small builders. 

To reduce the total cost of a home, materials which are 
less costly than presently used are desirable and new techniques 


to produce dwelling components need to be developed. 


3.1 The Mobile Home Market 

In the present market, the lowest price dwellings available 
are mobile homes. 

Production of mobile homes in the United States in 1968 
reached 280,000 units at an average cost of $8.30/sq. ft. as 
compared to $13.0/sq. ft. for conventional housing excluding land 
(approximately $3.00/sq. ft. of this difference can be accounted 
for by a basement). The average mobile home unit has a kitchen, 
living room, dinette, one or two baths, three bedrooms, with a 
total living space of six hundred and eighty square feet. [4] 

The mobile home industry is also capitalizing on the use 
of plastics to reduce the total cost of a dwelling. In 1971 
approximately two hundred and forty pounds of plastics went into 
each of an estimated four hundred and eighty five thousand completed 
homes, placing the mobile home industry in first place for plastics 
consumption in the single-family housing market. Total consumption 


was posted at about fifty five thousand tons (one hundred twenty 
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million pounds). 

In 1970, mobile homes accounted for 45% of all single-family 
dwellings, for 72% of the homes selling for less than twenty thousand 
dollars, and for 95% of the homes selling for less than fifteen 
thousand dollars. 

The retail prices for mobile homes in the United States in 
1970 average six thousand one hundred and ten dollars, or about 
$8.35/sq. ft., completely furnished. On the other hand, a site-built, 
single-family home costs an average of $16.0/sq. ft. and is 
unfurnished. In 1970, the median price of a site-built single- 
family home was twenty six thousand and two hundred dollars including 
land. 

The mobile home industry pioneered in industrialized building 
and has been instrumental in introducing a number of plastic 
components into the mobile home industry. 

The key would appear to be industrialization, whereby the 
work is performed in a factory using relatively low cost labor 
under controlled, often automated conditions replacing on-site 
high rate labor trades. [5][6][7] 

There are some disadvantages to mobile homes. One problem 
is finding a place to locate them. They are not welcome additions 
to the housing scene in many urban and suburban areas. Many 
Canadians wouldn't want their neighbors to live in a mobile 


home [8]. 
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3.2 Structural Sandwich Panels 

Sandwich panels have received much attention as building 
components [4][5][6] in recent years. Sandwich panels as building 
components have advantages in terms of total cost reduction through: 

1. Mass production; 

2. Less material handling; 

3. Mass-buying of raw-materials; and 

4, Lower rate labor. 

Two fundamental approaches with respect to the erection of 
the FLEXI-GROW housing system can be used from a factory production 
standpoint. 

1. Build the entire home in sections (large modules) and 

assemble these sections on-site. 

2. Produce panels as components in the factory that can 

be readily assembled on location. 

Sandwich panels as components satisfy the requirement of 
the FLEXI-GROW housing system particularly with respect to the 
following points: 

1. Interchangeability of components; 

2. Flexibility in expansion; 

3. High quality; and 

4, Satisfactory durability. 

Therefore sandwich panels produced as components in the 
factory and readily assembled on location have been selected as 


the production method. 
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3.3 Load Bearing Panels Versus Non-Load Bearing Panels 

The simplest type of sandwich panel is a three-layered 
laminated structure consisting of a thick, low density core which 
is bounded by a facing layer on either side. Each facing layer is 
a thin, stiff, strong sheet of high density material. Based on 
equal overall weights of material used, the sandwich panel is a 
much stronger structure, with respect to bending, than a homogeneous 
plate constructed from the same facing material. 

The panel core has several vital functions. It should be 
stiff enough in the direction perpendicular to the faces to ensure 
that they remain a fixed distance apart. It should be stiff enough 
in shear to ensure that when the panel is bent the faces do not 
Slide over each other. If this last condition is not fulfilled the 
faces merely behave as two independent beams or panels and the 
sandwich effect is lost. The core should also be stiff enough to 
keep the faces nearly flat. Otherwise it is possible for a face 
to buckle locally (wrinkle) under the influence of compressive 
stress in its own plane. 

The core should satisfy all these requirements. It is 
also important that the adhesive used does not permit substantial 
relative movements of the faces and the core. 

From the viewpoint of the design of the FLEXI-GROW housing 
system a load bearing panel has advantages when compared with a 


non-load bearing panel in terms of total cost reduction: 
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1. Less erection time is required; 

2. No extra cost is necessarv to set up the frame of the 

dwelling; and 

3. The panel system makes it easv to chanae and expand the 

FLOCK Dhan. 

The decision was, therefore made to design the system using 
load bearing panels. 
3.4 The Panel Core 

The core of building panels are made from such materials as 
perforated chipboard, balsa wood, several kinds of expanded plastics 
and foamed glass. Research [10] has shown that one of the most desirable 
materials, as the core of a load bearing building panel, is honeycomb 
kraft paper impregnated with resin. 

Urethane foam is used to improve the thermal conductivity 
of the panel to meet the requirements of the Canadian Code for 
Residential Construction [11]. 

A typical cross section of the panel is illustrated in 
PI guress. 4 

Resin treatment of paper is one of the first problems to 
be considered in paper core manufacturing. Since panels are likely 
to be subjected to damp or wet conditions, the presence of resin 
in the paper is necessary to yield a product that is permanently 
strong and stiff under wet conditions. Resin-impregnated papers [10] 
have been shown to retain 75 percent of their dry strength after 


water soaking. Water soaking causes untreated paper to lose 
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almost all its strength. 13 
Research [10] has found that a resin treatment with 15 
percent water-soluble resin was found to be adequate for providing 
paper of good strength when wet, decay resistance, and handling 
characteristics during corrugation and subsequent fabrication. A 
resin content in excess of 15 percent does not seem to produce a 
gain in strength commensurate with the increased quantity of resin 
used. In one series of tests, paper containing as little as 5 
percent water-soluble resin was satisfactory in strength but showed 
less resistance to decay organisms than paper with a 15 percent resin. 
3.5 Outer Face Material of the Panel 
Almost any structural material which is available in the 
form of a thin sheet may be used to form the faces of a sandwich 
panel. In the building industry the choice of face materials is 
wide, including plywood, hardboard, plaster, plastics, asbestos 
cement and a great number of composite materials. 
The basic requirements of the outer and inner face materials are: 
1. To be suitable for a continuous production process 
in order to obtain high production efficiency and reduce 
the panel manufacturing cost; 
2. To obtain less material handling; 
3. To provide a going system, which will give sufficient 
stiffness and strength to the panels; 
4. To eliminate visible lines at the joints; and 
5. To obtain joints, which may easily be manufactured. 
It is, therefore, desirable to have the face materials supplied 
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The criteria used as a basis in selection of the outer face 


material are as follows: 


Me 
ae 


Cos ta(t/sasat tee 

Weight (1bs/sae tt.) : 

Weatherability; 

Durability; 

Applicability to the production line (rolled material 
is preferred); 

Availability of glue; 

Workability; 

Impact resistance; 


Paintability; 


. Water absorption; 
. Appearance; 
. Cleanability; 


. Thermal expansion (100° F temperature difference may 


exist between the inside and the outside of the dwelling). 


The determination of the optimal face thickness from a 


theoretical viewpoint is discussed in [15]. 


When the bending strenath is specified, 


= ed 
t= 
ZU e 
where t = the optimum face thickness 
Wo the density of the core material, honeycomb 


paper core, 0.00071 1bs/in’. 
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the density of the face material, 


steel = 0.2829 Ibs/in°. 


oo 
I 


the panel thickness 
(three inches when the thickness of face 


material is very thin). 


ao USUI ee 
| x 0.2820 250.0037 ins 


Also, if it is known or suspected that failure of the face 
will occur as a result of local instability (e.g. by buckling into 


the cells of honeycomb of fixed cell dimensions), then, 


co Shag 
at ee 
Ti 


one 01 0007.1 bes 
2x 0.2829 


GlOl 29 ane 


This thickness is approximately equivalent to a thirty 
gauge steel sheet. 

The determination of the optimal face thickness from a 
practical viewpoint is interrelated to: 

1. The modulus of elasticity of the face material; 

2. Combined weight of the faces and the core; 

3. The bending moment which the beam must carry at failure; 

4. The ultimate strength of the face material or the 


wrinkling stress (whichever is the lower); 
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The impact resistance of the face material; and 


Thermal expansion of the face material. 


Some experimental analysis would be desirable to 


solve the optimal face thickness based on the desiqned load 


bearing structural panels. 


The outer face materials which were considered are as 


study). 
follows: 


ay 
6. 


Aluminum 

ALCOA 2024-T3 ALCLAD sheet SPEC. QQ-A-362 COND. T 
gauge 22 (0.025 in. thick)*; 

Steel Sheet 

STELCO STELCOLOUR prefinished sheet steel or equivalent 
gauge 22 (0.0299 in. thick) "Wallclad" manufactured by 
Wallclad Products Ltd. uses 20 gauge precoat steel face 
and a U. S. firm producing similar panels uses a 22 
qauae steel face; 

Plywood 

1/4 in. thick available from MacMillan Bloedel Building 
Materials; 

PVC 9polyvinyl chloride); 

Asbestos cement; and 


Medium density hardboard. 


One-quarter inch plywood, asbestos cement, and medium 


density hardboard are not available in coils. PVC doesn't have 


suitable properties to support the load. Therefore these materials 


* See [13] 
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(This analysis was not done as part of this 
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have been eliminated as the outer face material. 
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Aluminum is not recommended for use as the facing material 


because it is anodic to most heavy metals and electro-chemical 


corrosion from bimetallic contacts may occur. 


This direct contact 


of aluminum with more noble metals such as copper and copper-rich 


alloys, and to a lesser extent lead, iron and steel can be a source 


of corrosion trouble [14]. 


based on the design criteria selected. 


Table 3.1 gives a summary of steel, aluminum and plywood 


Table 3.1 A Summary of the Typical Outer Face Materials 
Criteria Aluminum Steel Sheet Plywood 

0.025 in.* 9.0299 in. 1/4 in.* 
1. Cost $/sa.ft. 0.483 0.255 0.20 
2. Weight 1bs/sq.ft. 0.574 ies 0.79 
3. Weatherability *strong Paint coating acceptable 

is required if painted 
4. Durability adequate adequate adequate 
5. Applicability to OK OK no coiled 
the production line material availabl 

6. Availability of glue 3M EC1828 3M EC1828 3M EC1828 
7. Workability Excellent Good Excellent 
8. Impact resistance adequate adequate adequate 
9, Paintability Excellent Excellent Excellent 
10.Water absorption Excellent Excellent *Good 
11 .Appearance Acceptable Acceptable Acceptable 
12.Cleanability Easily Easily cleaned Reasonably 

cleaned easy to clean 
13.Thermal expansion 0.091 in. 0.179 in. ‘ent 
* See [13] 
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The chosen outer face material is prefinished steel sheet, 
22 gauge (0.0299 in.) based on the design criteria. 
Prepainted steel was selected initially because: 
1. No initial capital investment is required for surface 
finishing; and 
2. A wide range of colors is available with prepainted 


materials, 


3.6 Inner Face Material of the Panel 


The criteria required for the inner skin will be as follows: 


1. Appearance; 

Pee eOSt seth) SO. 1 Ce: 

3. Flexibility to re-decorate; 
4. Weight ibs/sq. ft.; 

5. Impact resistance; 

6. Dent proof; 

iSound. proo rs 

82) Durability: 

9. Applicability to production line; 
10. Workability; and 

11. Cleanability. 


Any thin sheet form may be used as an inner face material. 


The selection of the materials and the determination of the thickness 


of the material are the same as 3.5. 


Although, the outer face and the inner face may be different 


materials, the panel as a whole should be in balance with respect 
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to strength and panel stiffness [16]. For these reasons and the 
ability to meet the design criteria 22 gauge steel sheeting was 
selected as the inner face material (Note table 3.2). 

Table 3.2 A Summary of the Effectiveness of the Inner Face 


Material According to the Selected Design Criteria 


Material Steel Sheet, 
Criteria 22 gauge (0.0299 in.) 
1. Appearance acceptable 
CmmecOSt 5) SOui cs OAs 
3. Flexibility to re-decorate excel lent 
4. Weight 1bs/sq. ft. les 
5. Impact resistance strong enough 
6. Dent proof excellent 
7. 2o0und) DYOOT, good 
8. Durability excellent 
9. Applicability to production line OK 
10. Workability good 
11. Cleanability excellent 


3.7 Wall Connection Method 

In order to build dwellings using prefabricated panels, 
the wall connection method requires thorough study. The connection 
method affects the erection time, the ease of expansion of the 
dwelling, the cost of the panels, the initial investment of the 


plant facility and the appearance of the total wall and dwelling. 
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The floor plan is designed so that the vertical line which 
appears at the connection of the panels is usually hidden by an 
inside wall connection or in a closet. 

3.7.1 Connection of the Panels 

The following connections were developed providing 
connection blocks: 

(1) Corner connection 

(2) "T" connection 

(3) Straight connection 

The exterior wall panel will be fastened by anchor bolts on 
the bottom (see Figure 3.3) and also secured firmly to the trusses 
using brackets. 

The interior wall panel will be fixed to the subfloor by 
fastening and the top portion of the panel will also be fastened to 
the trusses. 

The connection schedule is shown in Figure 3.2. 

Corner Connection 

This is the connection method to join two exterior wall 
panels or two interior wall panels at ninety degrees at a corner. 

The detail of the corner connection method is shown in 
Figure 323: 
pie Connection 

Figure 3.4 illustrates the detail of the "T" connection to 


connect either exterior wall panels or interior wall panels. 
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Figure 3.2 CoNNECTION SCHEPULE FoR THE DWELLING 
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CoRNeER CONNECTION DETAIL 
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CORNER CONNECTION EXTENSION DETAIL 


EXISTING PANEL 
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EXPANSION ONE 
CORNER CONNECTION A 
CAN Be CHANGED BY TAKING 
OUT THE CONNECTION BLOCK 
TYPE A&B. AND INSERT 
NEW CONNECTION Block 
TYPE C IN ORDER TO MAKE 
A STRAIGHT CONNECTION 
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"T" CONNECTION 
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=e 


NEW 
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Straight Connection 
This connection method is used to join two exterior wall 


panels or two interior wall panels as shown in Figure 3.4. 


3.7.2 Panel Connection to the Roof System 
The roof structure of the dwelling will be built 

using the trusses which are prefabricated and readily available in 
the market. A typical truss to suit the dwelling is shown in 
Figure 3.5. The estimated material and installation cost comparison 
of the roof structure as well as the roof and the floor is given 
in Table 3.3. The total cost to achieve the roof structure and the 
roof of the dwelling will be less expensive when the conventional 
method is used rather than using the panels designed for this 
dwelling. 

The trusses and the triangular side wall panels will be 
placed on the exterior and interior wall panels and fastened by 
the brackets provided. 

The connection method for these panels and the brackets 


are shown in Figure 3.5. 
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3.8 The Panel Design Calculations 
The chosen panels are load bearing. The panels are designed 
to satisfy the floor plan requirements outlined in section 2.3. The 
following materials are used as components of the panels designed. 
1. Urethane foam 
2. Kraft honeycomb paper 
3. Steel sheet, 22 gauge 
3.8.] Determination of the Core Thickness of Interior and 
Exterior Wall Panels 
Based on the design load of 873 1bs./ft. (see 
Appendix G for the details) the core thickness of the interior and 
the exterior wall panels is calculated [15]. 
The equations to be used are applicable based on the 
following assumptions: 
(1) Panel is considered as a column, both ends free; 
(2) Load is uniformly distributed; 
(3) Load is vertically applied; 
(4) The skins of the sandwich panel are separated by 
an equal distance and firmly bonded to the core; and 
(5) The material of the skins of the sandwich panel is 
much stiffer than the core material. 
It is necessary to make sure that the chosen thickness of 
the facing material (t), 22 gauge steel, is adequate to support the 
axial load p, 873 1bs/ft., without wrinkling. The wrinkling stress 


is calculated by the following equation. 


E 1/3 F 2/3 


a B f Cc 


where o = wrinkling stress 
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3.8 The Panel Design Calculations (continued) 


Bl= constant factor. inethis case 05" 


ES the modulus of elasticity of the facing 


u DieSicls, 


material. o x10 
ie the modulus of elasticitv of the core 


material 11,900 p.s.1. ** 


* See page 238 of [15] 


** This is obtained from Union Camp's technical information. 


*. 0 deaa stile of. piorDE? TreT2095 =/0 


a 
oebsad allt to ystattos!s To auig@bhom eAy =1 7 
\ - 
; Vy f to ¢ co. = 
wives. j ef) a 5 At 143 Sir 
94Q5 ai? 16 yotorsi 3 Lae pul uhem aunt ¥ 3 : 
hale i WO. Tt leivetan 


Caf] to RES rape 29 
= 
mov? nentavdd 2? aT 


g 
ai 


o = 0.5 (3 x 107)!/3(11,900)2/9 


Wee (a fe) 10° 


i 


Jes eat = x02 11,9 


Kk 


80,968 > 60,000 p.s.i. 


This factor is large enough to prevent wrinkling. 
The necessary thickness of the core can be determined by 


the following equation[15]. 


where c = Thickness of core (in) 
p = The axial load (lbs) 
b = Width of panel (in) 
G = The modulus of rigidity 
of the core (psi) 
L = Height of panel (in) 
t = Thickness of the facing material (in) 
E. = The modulus of elasticity of the 
facing material (psi) 
Given: 
p = 873 lbs. 
b= 12 ins 
G = 2,800 psi. 
L = 96 in. (interior panel height) 
t = 0.0299 in’ (22 gauge steel) 


3.x 10’ 


kK 
ps1 


* See page 251 of [15] 
** See page 451 of [19] 
KK See nage 42n nt [1907 
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2 2 
873 8 U6 kale ee OU0 
C> 5 ere_:SCOd((LT s+ VO s+ —— x eee X 
y x te xX 2800 3.14¢ 0.0299 3x10’ x873 
= 0.012991 [1 + VT + 8873.87 J 
= 0.012991 [1 + /8874.87T ] 


= 0.012991 (1 + 94.206) 
21,2236 in. 


The thermal conductivity of the panel is another critical 
factor to be considered. The formula for the coefficient of 
transmission of a compound wall of several materials having individual 
thicknesses in inches of X7> Xoo Xgo etc. and conductivities of 


kK}; kos k3, etc. is given as follows [20]. 


The assumptions are: 
(1) Each material is homogeneous; and 


(2) Air spaces are considered to be "dead" air spaces. 


Ui >= 1 =e 
hab 2 3 O 
where f. = inside surface coefficient for still air = 1.46 
Ups = outside surface coefficient 
R = thermal resistance 


Based on the typical cross section of the panel described 
in Figure 3.1, several combinations of erethane and air space were 
tried to arrive at an acceptable panel thickness which satisfies 


the Building Code. 
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The thickness of urethane and air space arrived at are as 
follows: 

1. Urethane foam, rigid ORG ae 

2. Air space, foam sandwiched by urethane 1.8 in. 

3. Urethane foam, rigid OF6Min: 

The total panel thickness, therefore, is three inches. 


The value of this combination of material will be: 


On68 + 050004 4 210.97 4-4 050004 + 0.63 


ks ] 2] 
) Cees 


Hence, R = 10.33 > ia This R value is large enough to satisfy 
the Building Code. 

From the viewpoint of the strength required of the panel, 
1.236 inches of panel thickness are sufficient. However, the 
thermal conductivity, which the panel should have, requires a 
three inch thickness to satisfy the requirements of the Building 
Code. Therefore, the final thickness of the panel is determined 


as three inches. 


* Canadian Code for Residential Construction 1970, page at 82. 


a7 


a >. 
Viv y q 4"g Vivi ¢ 
co «4 


} ; _— : -_ a 
{oF 9.0 pints ana? erasing 


AP af srisdtaw ve’ Seraribiee MAO) oon vA Ks 
ay ao : uiniy wee? onset eo 
eavgot geet ct ,srotenady . ezanvoldd tonay fesor sat 
ad (Thw [steetem to motisn tds etn = ott 


Ree a a ok * 


ne 


f 
RAI SET = 
a.) SOS eS VS ES ae eS Be 
2 — od 


alee + 
‘ a - 
viztté2 of loyune spiel 2? sulay 9. eteT). OP Se eeier @ Bie 
“+, gah pntbiiud s 
tanec sit) 0 hbontupe’ Ntqewds say 76 datogwety ad) mort 


, 
i 


sit .vovewoll .tnalotrtve sta 2eenda tity feng V6 -eeneah 1 
6 e9nTupe4 -avet bY voite Teneg SAP" io thw Adivttaubnos’ | 
pais [Teil ant) to! e2asman ups. sit yPattqeot epentotdh dbat’ 2° a 
‘baitond'st ¢t. foneq Bt Yo eanq¥ She Kembt ans | 


CHAPTER IV 
SERVICE FACILITIES OF HE SYSTEM 


The service facilities studied for the dwelling were 
considered and selected on the basis of the criteria below: 

(1) Economically optimal with respect to the final cost; 

(2) Applicability to the FLEXI-GROW housing system; 

(3) Satisfactory performance of the system; and 

(4) Acceptable by the home owner. 

The service facilities discussed here are plumbing, heating 


and ventilation, and electrical wiring. 


4.1 Plumbing 
Home extensions require no extension of the plumbing system. 
The required plumbing for the 3/4 bathroom in the first extension 
is included in the initial plumbing. 
The kitchen and bathroom use a common plumbing wall (see 
floor plan, Figure 2.1) because: 
1. The plumbing wall is ready to install in the required 
place; 
2. The pipes are pre-assembled, pressure-tested and 
inspected in the manufacturing plant; and 
3. The plumbing wall provides the necessary outlets for 
the bathtub, washbasin, kitchen sink, etc., ready to 
install. 
The wall to separate the kitchen and the bathroom (see 


Figure 4.1) is a sandwich panel construction utilizing a urethane 
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foam core with 22 gauge prefinished steel sheet. Honeycomb kraft 
paper is not used in this core for ease of piping installation. 


The completion of the bathroom is illustrated in Figure 4.2. 


4.2 Heating and Ventilation 

The system chosen for heating and ventilating is a "warm air" 
system, which is the standard system in most homes, with a centrally 
located source of supply. The air ducts are located directly below 
the floor. The subfloor is designed with a knock out panel to 
accommodate floor diffusers. When the home is expanded, the air 
ducting will be extended to the new area and connected to the 
floor diffusers. 

The mechanical system as well as being adaptable to the 
FLEXI-GROW housing system is very versatile. Cooling, humidification 
and air cleaning or any combination of the three, can be incorporated 
in the basic heating system as options with no major physical 
alterations. 


The general design and layout are shown in Figure 4.3. 


4.3 Electrical Wiring 

Most conventional residential homes have electrical wiring 
located inside the walls, In the FLEXI-GROW housing system, the 
walls are not equipped with any conduit pipes for cables due to 
the continuous panel production method used. 

A typical electrical wiring for the dwelling is developed 


and shown in Figure 4.4. 
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The ceiling outlets and cables above the ceiling to connect 
these outlets to the lighting panel are installed in the conventional 
manner. 

The rest of the electrical wiring can be accomplished using 


skirting wiring. This method was chosen due to: 


1. Applicability to the dwelling; 

2. Cost compatibility to the conventional method (see the 

estimate cost in Table 4.1); and 

3. Flexibility for expansion. 

An example of skirting wiring is illustrated in Figure 4.5. 
This skirting wiring provides ducts in which cables are installed. 
The ducts are located on the floor against the wall. 

As shown in Figure 4.5, electrical branching is accomplished 
by means of switches and receptacles at convenient locations along 
the main cables. 

The connection between the skirting wiring system and the 
lighting panel can be done in the conventional manner, that is, 


the cables are installed under the floor through the floor joists. 


4.4 Cost Estimates for the System and the Related Facilities 

The cost of plumbing, heating and ventilation, and electrical 
wiring are based on a floor area of 720 square feet. 

The cost of wiring is estimated based on Figure 4.4 and 


shown in Table 4.1. 
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Table 4.1 The Wiring Cost Estimates 


DESCRIPTION MATERIAL $ FOB LABOR MAN-HOURS 

Cosa) EDMONTON 

Fixtures 50.00 O/ sie = 5.84 

Panel ie FA) 1.5 MA 7 =e Hlie5 

24 e1reuit 

Westinghouse 

GLC-24 

Boxes & Receptacles 

Wiremold (02.16+@3.77) O40 MH x 14 = 5.6 

21a &"2 YP GA x14 83.02 

Wall outlet 5.00 ihe) se = ] 

Weather proof 10.00 iO xl = ] 

convenience 

outlet 

Single pole 

Switches Qu Aese eos) 2415 0.4 ord = 32.0 

Wiremold 

2140 

Double pole ConoUny 3 19250 120 Nes = 3.0 

switches 

Cable 

100 A service : 

Hes tingnouse ing al ce ree Se 

2-12 Aluminum if 

Mold 

Wiremold @35..40/100. ft. Included in 

2100B(1-1/4"x7/8") x 90 Ft. 31.86 Others 

TOTAL 306.63 19.94 
APPROX. $307 .00 APPROX. 20.00 

Direct Material $307.00 

Direct labor $6.35/hr. x 20 man-hours Sl27.00 

Overhead 50% x direct labor cost ¢$ 64.00 


Total Cost $498 .00 
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Table 4.2 Cost Estimates for the Service Facilities and Associated 


Materials 
Description Estimated Cost, 
$ FOB Edmonton 

Plumbing (material and labor) 500 
Bathroom unit, Crane, FUTURA model 200 
CSA is not obtained yet 760 
Kitchen unit, wall and base cabinets complete 
with steel sink and faucet, 72" ensemble 200 
Heating and ventilation 
A furnace, necessary ducting and installation 800 
Electrical wiring (See Table 4.1 for detail) 
Wire Mold produced by Conduits National Co. Ltd. 498 
Total G2 ehbe 

* Option $1,310 


Air condition equipment 

LENNOX HS261 includina an 

outside condensing unit, humidifier 
and air cleaner, installation cost 
excluded. 
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CHAPTER V 
THE MANUFACTURING FACILITY 


The layout of the manufacturing facility basically requires 


the following steps: 


— 


Product design and blueprint development; 
2) The development of a material list; 
3) The development of process flow charts; 
Sy cactlity layouts 


6 


(1) 

(2) 

(3) 

(4) Equipment selection; 
(5) 

(6) Equipment installation; and 
(7) 


7) Start-up. 

Product design has been discussed in Chapter II. The blue- 
prints are developed and shown in Figure 2.1, 2.2, and 2.3. 

The panel is composed of steel skins and a honeycomb kraft paper 


core impregnated with urethane. Table 5.1 represents the material 


list for one square foot of this panel. 


5.1 The Production Process 

The total production process requires lock-forming of the inner 
and outer skins to produce sheets 7'10" in width. Urethane foam is 
injected between these skins and the expanded paper honeycomb core 
just prior to the components being simultaneously passed through 


a steel conveyor system to produce the finished panel. 
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A detailed description of this process involves: 

(1) The development of process flow charts; 

(2) A description of the chemical reactions involved in the 

production of rigid urethane; 

(3) Lock-forming of the steel skins; 

(4) Expanding the honeycomb paper core; and 

(5) The foaming of the finished panel. 

5.1.1 The Development of Process Flow Charts 

The operation process chart is defined as "a graphical 

representation of the points at which materials are introduced into 
the process, and of the sequence of inspections and all operations 
except those involved in materials handling. It may include 
information considered desirable for analysis such as time required 
and location" [21]. 

The operation process chart for the panel manufacture was 


developed and is shown in Figure 5.1. 


5.1.2 Rigid Urethane Foam Production 
Urethane foam is essentially a combination of polyol, 

catalysts and surfactant. 

To foam rigid 2.0 pounds per cubic foot density urethane, 
the component A and B of "POLYLITE" manufactured by Reichhold Chemicals, 
Inc. will be mixed at the mix ratio 1:1 by weight. 

The manufacturing process must consider three basic times. 
They are referred to as: 


(1) Cream time (from the start of mixing, requires 25 sec.-35 sec. 
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(2) Rise time (from the start of ae) requires 2 min. 30 sec.- 
3 min.-30 sec. 
(3) Tack-free time (from the start of mixing) requires 2 min. 45 sec.- 
Si. Aon Sec’. 
Observed at 77° F. 
Cream time is the start of exothermic reaction manifested by 
the milky appearance of the foaming mass. 
Rise time is the completion of foaming expansion. 


Tack free time is the completion of hardening of the mass. 


Seles “Lock=rorming the Steel Skins 
Steel coils are not available in ninety four inch 

widths, therefore, two coils of forty eight inch width have to be 
lock-formed to produce a final width of 94 inches. 

Two steel coils, 22 gauge material, are placed on the uncoilers. 
The steel sheets are fed into a lock-former in order to lock-form 
the edges of the steel sheets. 

The pebble pattern is required on the outside surface of the 
bottom half of the exterior wall panel. This is performed by a 
roll former prior to the lock-former. When the interior wall panels 


are produced, the pebbling process is omitted. 


5.1.4 Expanding the Honeycomb Paper Core 
Unexpanded slices of honeycomb paper are fed into a 
honeycomb expander and curer. This process is illustrated in 
Figure 5.2. Because the honeycomb expander and curer can handle 


a maximum width of only four feet, the sheet of expanded and cured 
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noneycomb paper 71S cut Into sheets 7" - 10" x 4" -0", These sheets are 
fed onto a conveyor so that adjacent sheets are put together along 
the 7' -10" side. 
5.1.5. The Foaming of the Finished Panel 
The foaming of the finished panel involves three 
processes: 

(1) Application of glue to the steel skins; 

(2) Dispensing urethane foam to the honeycomb paper core; and 

(3) Laminating of the steel skins and core material. 

After the steel sheets comprising the two skins are lock- 
formed, a laver of glue is applied in order to facilitate bonding 
with the honeycomb paper core by a glue applicator. 

In the final analysis, an experimental study would be necessary 
to determine the type of glue to be used to give optimal bonding 
qualities between the urethane core and steel skins. 

The glue applicator consists of a roll, a glue depositor and 
an air pressured glue tank. Glue is stored in the air pressured glue 
tank and is transferred by air pressure to the glue depositor through 
a tube. The glue depositor has many small holes longitudinally 
adjacent to the roll spaced at one sixteenth of an inch so that glue 
is easily deposited on the roll. 

The lock-formed steel sheets are running on the roll so as to 
apply glue on the surface for bonding to the honeycomb paper core. 

The schematic of the glue applicator is shown in Figure 5.3. 
The honeycomb paper core is conveyed from the honeycomb 


expander and curer. Two nozzles for foam dispensing are provided 
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to dispense urethane foam to both sides of the honeycomb paper core. 
The nozzles undergo an oscillatory sweeping motion across the full 
width of both sides of the core in order to deposit a uniform layer 
of urethane foam on each core face (See Figure 5.3 for details). 

The steel skins with qlue applied and the honeycomb paper 
core with urethane foam deposited on both sides are fed into the foam 
curing conveyor. The urethane, at this stage, has not yet hardened. 
Therefore, when the steel skins and the core are sandwiched, or laminated, 
in the foam curing conveyor the urethane foam is pressed by the conveyor 
and squeezed into the cells of the honeycomb paper core (see Figure 5.2 
for the details). The foam curing conveyor is designed with sufficient 
length to allow the urethane to harden into a rigid mass and form a 
completed panel of the required thickness. The finished panel is then 
cut into any desired length. These panels are conveyed to work-in- 
process to install windows and doors and for final finishing. The 
final finished panels are then packaged and stored in the warehouse 


for shipment to location. 


5.2 Normal Time Calculations 

In order to complete the factory layout arrangements, normal 
time values have been calculated. Normal time values make it 
possible to determine the curing conveyor length, equipment selection 
for the production line and manpower requirements. 

Normal time is defined as the time required by a qualified 
workman, working at a pace which is ordinarily used by workmen, 


when capably Supervised, to complete an element, cycle, or operation 224% 
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The following assumptions were made: 


1) There are 250 working days per year. 
2) Normal shift = 8 hours. 

3) Scrap allowance = 5%. 

4) Shop efficiency = 80%. 


Rating factor = 100%. 


Dp 


Number of channels = 1. 


“Sw 


Personal allowances = 48 minutes/day. 
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Fatigue allowance = 5%. 


WO 


Annual production rate = 500 homes. 
10) Additional panels for extension = 20% of net production 


rate per day. 


* 
Net production rate per day = 198 linear feet/home 


500 homes 
250 working days per year 


396 linear feet of panel. 


Production rate per day 


(396 + 396 x 0.2) x 1.06 

= 504 linear feet of panel 

Total allowance 

_ 48 min. of = 1&0 
=) Sours x 60 mins * 100 5% = 15% 


Shop planning time 


= A 0.9524 min./linear foot 


57.14 sec./linear foot 


* See Table 6.1 
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Standard time 


Shop planning time x shop efficiency 


0.9524 x 80% 


0.762 minutes/linear foot 


allowance % ) 


Normal time = standard time (1 - 100 


15 
Too? 


OF762° (1 = 0715) 


0.762 (1 - 


0.648 minutes/linear foot 
(= 1.543 ft./min.) 
Normal time to produce one linear foot of panel which is 


7' - 10" in height is determined as 0.648 minutes (38.88 seconds). 


5.3 Determination of Foam Curing Conveyor Length for the 


Production Line 


The length of the foam curing conveyor depends upon two 
factors, the urethane foam chemical reaction time and the speed of 
the foam curing conveyors. 

The conveyor speed was calculated to be 0.648 min./linear 
ft. of panel = 1.543 ft./min. in Section 5.2. This enables one to 
calculate the necessary conveyor length because one of two factors 
is known and fixed. 

The chemical reaction time, cream time, rise time and 
tack-free time described in Section 5.1.2, the time to complete 
all chemical reactions, is two minutes and forty-five seconds to 
three minutes forty-five seconds based on a temperature of 77° F. 


Some allowance needs to be included. 
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Final chemical reaction time 


Chemical reaction time + Allowance 


Srila 4o SEC. sO seG. 


Fain: asec. 
The future production increase is estimated to be 50%. 
Therefore, the conveyor length is: 


1503 1.543 tte/mine x 4=15/60 min: 


1.5 % 1.543 4.25 
WN eran KO) tebe 


5.4 The Chosen Equipment for the Plant 
The equipment to manufacture the panel is chosen to meet 
the requirement which has been discussed in the proceeding section 
and is summarized in Table 5.2. The installation cost estimates for 
the chosen equipment are given in Table 5.3. The detailed description 


of the equipment is provided in Appendix D. 
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Table 5.2 A Summary Table of the Chosen Equipment on the Production Line 


Equipment No. ! Unit cost Initial Life Salvage Maintenance SLD* Remarks 
Required FOB Edmonton Cost $ Yr. Value Cost S/yrs. “$/yr. 
Tineoey nse 

Honeycomb expander ] S765 18,765 10 9,000 500 1,953 
and curer, Union 
Camp 
Huet model 4 6,225 24,900 15 8,300 1,000 Syocu 

8 


Elkhart Welding 
& Boiler Works 


Lock-former 2 2,000 4,000 15 3,000 500 200 
General Metal 

Foam Curing 1 set 1,000 1,000 10 500 250 100 
Conveyor 

Foaming machine ] 16,000 16,000 10 8,000 2,000 1,600 
Slitter ] 3,000 3,000 10 1,500 300 300 
Pebble Pattern 2 2,000 4,000 15 3,000 500 250 


Roll Former 
General Metal 


Roller conveyor ] 2,600 2,600 10 1,300 200 260 
with a kick-off 
device hydraulic 


operated 
Kick-off device 2 7,000 2,000 10 1,000 100 200 
hydraulic 
operated 
Roller conveyor 182 ft. 9,100 9,100 10 4,500 100 ~—-1,020 
partially 
. motorized 
Glue applicator 2 1,000 2,000 5 1,000 200 200 
Working table 7] 2,000 2,000 10 1,000 100 200 
Circular saws Z 750 1,400 5 0 200 280 
with a jig 
Overhead crane ] 13,000 16,000 10 8 ,000 500 1,600 Installation $3000 
5) ton 35 ft. span Sales tax included 
Canadian Monorail FOB Edmonton 
Hoist bridge electric 
control] device 
’ Overhead crane 7] 7,500 8,700 10 4,350 300 870 Installation $1200 
2 VWoyfey SO Pree Sele Sales tax included 
Canadian Monorail] FOB Edmonton 
Electric control 
device 
Storage bins 1 set 500 500 5 0 100 100 
Office furniture 
& Equipment 10,000 10,000 10 3,000 200 1,400 
Miscellaneous 10,000 10,000 5 0 500 2,000 
135,965 57,450 73050 15,853 


* SLD = Straight Line Depreciation 
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Table 5.3. The Installation Cost Estimates 


Equipment No. Required Unit 
Weight 

Honeycomb expander ] 7,800 

and curer 

Uncoiler 4 1,000 

Lock -former 2 500 

Foam curing conveyor 1 set i¢500 

Foaming machine ] 1,000 

Slitter ] 100 

Pebble pattern 2 500 

roll former 

Roller conveyor with ] 3,000 

a kick off 

Kick off device 2 200 

hydraulic operated 

Roller conveyor 1 set 27,000 

partially mortorized 

Working table ] 1,000 

Circular saws with a jig 2 250 


Overhead crane, 5 tons 


Overhead crane, 2 tons 


(1) 


(2) Direct material 


Profit 


Direct labor 966 M/H x 


Total man-hour 


@$4.50/hr. 4,347 


10720 (7) 


Overhead 50% of (1) + (2) 
20% of (1) + (2) + (3) 


Tota 


Total 
Weight 


7 ,800 
4,000 
1,000 
15500 
1,000 


100 
1,000 


3 ,000 


400 


27 ,000 


] ,000 
500 


4,200 


installation cost 
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Man-hour 
40 MH/Ton 

156 
80 
20 
30 
20 
2 
20 
60 
8 
540 
20 
10 

$3,000 

cou 

966 4,200 

8,547 

854 

4,700 

2,820 
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CHAPTER VI 
INVENTORY FOR RAW MATERIALS AND FINISHED GOODS 


The basic problem with respect to inventory is: 

(1) To decide when and how much to order; and 

(2) To decide when and how much to manufacture 

The optimal inventory quantity has to be determined to give 
Satisfactory service to customers, to reduce costs and to maintain 
a minimum of capital tied-up in inventory. Inventory cost can 


appreciably affect the profitability of the organization. 


6.1 The Inventory for Finished Goods 

Since the assumption is made that the production facility 
produces five hundred homes per year, the plant needs to have enough 
space for finished goods to meet this requirement. 

It is estimated that this particular dwelling design will 
need three to five days to erect and completely finish. Therefore, 
assuming constant inventory usage, five days of finished goods, 
ten dwellings, should be kept in the warehouse and readily available 
for the customer. 

Table 6.1 gives the total panel requirements per home in 


linear feet. 


oY 
as. 


anutvabtunit Se" oun wots rele sak OE 

avtp oF hantirvoratied od 26if xéttnaup- ytoshavet Teme a 
afateTem 62 bia ae 200 souhey of . evamor ayo ot 99) 

noo 7:0 Yiolvevnl .ywiomiswit ot quebore Tedtgas 

otgestnsete af) to vitl ethan af Soetts 

apoe? bale ety 

«PEP ESeT naltouborg of3 Beds) shen ak nt Stem, ONS 

fpuong eyéit at zh an ited ASOY, vaaY. peqent minal 


oy iy 


[The nptash ‘ont tfewh saluatitsg ety, Dont tt 
,eistolt .derohy ylosstames tie doom Mepiee — 
. 2hoon, Datiztalt’ to even ovt]) , been yoemeveat dnedeno3 ont 
aldnttévs ‘yb ibsay. bas sa vdlleiny At i seae nd tafworte ’ ont ; b net 
emotes st 0% 
Ni aol sq ere starat Lahsg I stot att gevip T.a-etdet 


65 


Table 6.1 The Panel Requirement per Home in Linear Foot 

Panel Length No. Req'd Length Req'd (ft) 
Exterior 14'-8-1/2" 4 58.83 
Exterior 11'-8" 4 46.67 
Interior 2 =O" 3 36.00 
Interior 8'-6" ] 8.50 
Interior 7'-9-1/2" ] Tew bes) 
Interior 5'-6" ] 5.50 
Interior 4'-Q" 4 16.00 
Interior 2'-0" 3 6.00 
Side Triangular 12'-3" ] 225 

Total Panel Length Required 197254 


5 198 linear feet/home 


The necessary warehouse space is estimated as follows with 


the assumption that the panels for two homes can be vertically stacked. 


Base: The largest panel size 15'-0" x 7'-10" 


Space required for the stack 


=[(14'-8'1/2") + aisle] x [(7'-10") + aisle] 
SC TAReHI/ 2 et he 6 ) lee lO Jette Old 


Antares | op axe (lO =A) 
=178 square feet 
The space for ten dwellings 


=178 sq. ft. x 5 = 890 sq. ft. 
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The final space requirement equals: 


The space for ten dwellings +a 50% future production increase 


CIURSO tT tact eC OCNSOs bx, le 


1,335 square feet. 


6.2 The Raw Materials Inventory 

In order to determine the optimal lot size for raw materials 
and estimate the warehouse space requirements, the elementary 
economic lot size model was used. Using the production rate of five 
hundred homes per year and constant demand for homes throughout the 
year, the use of elementary economic lot size model seems reasonable. 

The Saneanenny. erestanee lot size model makes the following 
assumptions: 

(1) Items are assumed to be withdrawn continuously and at 


a known constant rate; 


(2) Items are ordered in equal numbers at a time; 

(3) Material shortages are not allowed; 

(4) Unit cost is constant per item; 

(5) Inventory holding costs are constant per unit of time 


and include total holding costs, interest and 
warehouse costs, etc., 

(6) Preparation costs (cost of placing an order or getting 
an order) are constant per order; and 

(7) Zero lead time is required. 

Under these assumptions the optimal lot size is given by 


the following equation: 
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% ‘ vec R/C, 
where QV = Optimal lot size 
C, = Preparing cost per order, assumed to be $7 
R = Annual requirements in units 
Cn = 


r Inventory holding cost per unit per year, 


assumed to be 20% of the unit cost. 


All raw materials needed for production are listed and the 


optimal lot size is computed in Table 6.2 and 6.3. 
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Table 6.2 Annual Requirement of Direct Material 


EE 


Item Unit Material per Annua | Annua | 
Cost home with Requirement Material 
scrap Costa 
allowance 
Polylite il Oy! heist & S698 bse 18455007 1bse 202,950 


Component A 
Component B 


Pre-finished $0427 1bs. 4710 Ibs. COD WOODS. 47a, 000 
steel, 22 gauge 


2 Z 


Kraft honeycomb $0.0306/ft* 1845 ft 
paper, 
Union Camp 


222, 00m e 6) (Ae 


& 3 


Adhesive $32.25/Ft° 9.59 ft 
3M EC-1828 


a psiem is 154,639 


2 2 


Aluminum door, $2.25/ft¢ 169 ft 
window 


84,500 ft T905125 


Miscellaneous 17,046,943 % 0.01 10,469 
1% of the 2 

annual material 

COST 


Total annual material cost $1,057,412 
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CHAPTER VII 
CASH FLOW CALCULATION 
Cash flow calculations are necessary in order to come up 
with the cost per home and determine the monthly payment for the 
home. These calculations, in the final analysis will determine 
whether or not this particular dwelling can meet the demands for 
housing of the low-to-medium income family. 

The revenue requirements approach has been used in this 

Study which require calculations to determine the total annual 
equivalent costs (AEC) necessary to: 

(1) Repay the ‘investors original capital investment at 
some acceptable interest rate (referred to as the 
after-tax cash flow requirement - ATCFR); 

(2) Meet annual income tax payments; and 


(3) Meet all operating costs. 


Notation: 
(a/p)! = Annual equivalent of a present sum (p) at interest 
rate (i) for the next (n) years. 
(a/f)’ = Annual equivalent of a future sum (f) at interest 
rate (i) for the next (n) years. 


ATCFR = After-tax cash flow required for the year. 


Li; = Income tax 

AEDE = Annual equivalent depreciation expense 
CCA = Capital Cost Allowance 

MARR == Minimum Attractive Rate of Return 
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d Interest rate paid on the debt capital 
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Interest rate paid on the equity capital 


e 
a Debtrratio 

us = Cost of the composite capital 
@ "= “Income tax factor 


7.1 Capital Cost Estimates 
The total capital requirements for a new manufacturing 
plant can be broken down into the following components for estimating 
purposes. 
(1) Depreciable investment 
(a) Building and utilities 
(b) Equipment, including installation cost 
(c) Others 


(2) Other investments 


(a) Research and development 
(b) Engineering 

CaleStarcctuo cos ts 

(d) Others 


(3) Non-depreciable capital requirements 
(a) Land 
(b) Working Capital 
Cash, receivables and inventory. 
The estimates are made based on the plant layout in 


Appendix E. 
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Building 
Office $15/ft* x (88 ft x 40 ft) = 52,800 
Plant $10/ft* x (80 ft x 212 ft) =169,600 
$222,400 
Life = 20 years 
Salvage value in 20 years (estimated) = $30,000 


Salvage value in 5 years = Book value (assumed) 


222,400 - 30,000 
ene y 


227,400 = ( OyoL0 eo) 


222,400 - ( 


222,400 - 48,100 = 174,300 


Land 


$15,000/acre 


(200s tts 300 £0). 13,560 


= $20,660 
The salvage value in 5 years remains the same. 


Working Capital Requirements for Panel Manufacturing 

Working capital is defined as the excess of current assets 
over current liabilities. 

When the dwellings are financed by Alberta Housing 
Corporation, the payments are fully made to building contractors 
if the dwellings are completed within thirty-five days. 

It is estimated that the construction takes seven days 
(three days for the excavation and concrete foundation, and four 
days for the dwelling erection). 

Therefore, the capital tied up with respect to the payments 


to contractors will be decreased. This system requires less 
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working capital than is presently required for conventional 
housing. 

In order to determine the working capital requirements for 
panel manufacturing the assumptions are made: 

(1) Twenty working days per month; 

(2) Thirty days outstandings on accounts receivable; and 

(3) Twenty percent profit 

Profit. 


20% (Direct Material + Direct Labor + 


Overhead) 


D iol 0Sis 4a (64 38485 144.310) 


iH] 


253,314 


Therefore, the estimated panel selling price per home: 


COS tet arronl Gen 1.200, 0701 255.514 
No. of homes 500 aoe 


Direct material and direct labor cost per home: 


Direct material + Direct labor _ 1,057,412 + 64,848 


No. of homes 500 


= $2,245/home. 


* A twenty percent markup on manufactured cost is assumed to 
arrive at working capital. 
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Current Assets 
1. Account Receivables $3,040 x 20 homes 
2. Inventories 
(a) Finished goods (10 homes in stock) 
bere4 x10 
(b) Work-in-process (2 homes on line) 
DCAD KAZ 
(c) Raw materials 
(1) 40 days steel supply 
(2) One month chemical components supply 
(3) One month. honeycomb paper supply 
(4) One month adhesive supply 
) One month aluminum door and window supply 
(6) 30 days sales tax 
12#x account receivables = 0.12 x 60,800 
(7) Packaging materials (see Table 7.2) 


(8) Office supplies 


Total 
Current Liabilities 
1. Accounts payable 
(a) One month purchases (excluding steel) 
chert eat components, honeycomb paper, 
adhesive, aluminum door and handonesunely 
(b) Packaging materials 


(c) Office supplies 
Total 


Working capital = Current assets-Current Liabilities 
$189 542 - $42.666 = $146.876 


1 


60,800 


22,450 


4,490 


51,840 
4,039 
1,406 

Weyer 

13,210 


USNs) 
6,475 
ein ee 


$189 ,542 


62,020 
6,475 


pnb 1098 
$42,666 _ 
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Table 7.1 The Summary of the First Cost, 


Salvage Values and Depreciation 


Assets Capital 
costs $ 


1. Equipment including 152,886 
installation cost 


2. Building 222,400 
3. Land 20,660 
4. Working capital 146,876 
Total $542,822 


7.2 Cash Operating Cost Estimates 


Salvage values 
in year five,$ 


97 5450 


174 ,300 
20 ,660 
146,876 


$399 ,286 


The cash operating cost consists of: 


(1) Direct material cost; 


(2) Direct labor cost; and 


(3) Overhead cost 


ras 


Straight line 
depreciation 


19,088 


9,620 


$28 ,708/yr. 


The cash operating costs are estimated and summarized in 


Tabl @ 71222 
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A Summary Table of Cash Operating Costs 


Item Wage Total annual cost, $ 
Direct 
material 1057 5412 
P.05/.412 
Direct 
Labor 
(1) 4-Machine $4.50/hr. 37 ,440 
operators 
mses 
(2) 4-Plant $571/Mon. 27,408 
workers 
64,848 
Overhead 
Payroll 
(1) 1- $20,000/yr. 20,000 
President 
kK* 
(2) 1-Plant 1,400/Mon. 16,800 
engineer 
*K* 
(3) 1-Plant 910/Mon. 10,920 
foreman 
Kk 
(4) 1-Accountant 860/Mon. 10,100 
K* 
(5) 1-Secretary 480/Mon. 5,800 
(6) 1-Office clerk 562/Mon. 6,750 
kk 
(7) 1-Ware- 510/Mon. 
houseman 
kk 
(8) 1-Mechanic 4.95/hr. 10,295 
(9) 1-Janitor 546/Mon. 6,600 
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Remarks 


*See Table 6.3 
for details 


Based on 
40 hrs/week 


*k Obtained 

from sixteenth 
annual report 

Salary and wage 
survey, Alberta 
Bureau of Statistics 
1st Aug. 1972 
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Table 7.2 (continued) 


Ld, 


pa EE 


Remarks 


a I re re ce 


Item Wage Total annual cost, $ 
Insurance 

(a) Fire 5,630 
(b) Public liability 5,000 
Compensation 4,747 
Power 2,500 
Maintenance 7150 
Building operating 3,600 
& maintenance 

Packaging 

materials 


(a)plastic film 
$25/2000 ft 2,475 


(b)plastic strip 


$20/1000 ft. 4,000 
Office supplies 35165 
Others 12,658 


Total cash operating cost 


144,310 


1,266,570 


(Equipment + 
Building)x 0.015 


1,000,000 x 0.5% 


3% of payroll 
=) 158,233 %- 0.03 


See Table 7.3 
for details 


See Table 5.2 
for details 


$300/mon. x 12 


@ 2x 198 ft. 
x $25/2000 ft@ 


C400 Tu x 
$20/1000 ft. 


2% of payroll, 
assumed 


8% of payroll, 
assumed 
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Table 7.3. The Estimates for Power Requirements 


Note: This calculation is described in [21] 


1) Power load KW 
Honeycomb expander & curer 100 
Uncoiler @ 1.5 KW x 4 6 
Lock-former @ 0.75 KW x 2 135 
Foam Curing Conveyor @ 1.5 KW x 2 3 
Foaming machine @ 0.5 KW x 1] 0.5 
Sitter 0.0.5 kW xT O25 
Pebble Pattern Roll Former @ 0.75 KW x 2 ie 
Kick off device @ 0.5 KW x 2 ] 
Roller conveyor @ 0.5 KW x 20 motors 10 
Cranes @ 5°HP=x.0.75 Sar 5 

@ 3 Hp 04/5 (BES 

130 

Miscellaneous 10% of the above ig 
Total 143 KW 


2). sight Load 


Assumption Type of fixture = semidirect fluorescent 
fixtures consuming 100 watts. 


Recommended lighting levels 


office 2,208 ft® = 150 
lunch room 2080 ft* = 100 
warehouse 6,400 ft’ = 50 
inspection area 

800 ft2 = 50 
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Table 7.3 (continued) 
Recommended lighting levels 


work-in-process 


area 4320 ft2 = 100 
production line 
A672 Fie = 180 
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Footcandles for each watt per square foot for 


W 


semidirect fixture = 14 
Area Watts per Total lighting 
square foot load, watts 

office 150/14 = 10.71 LOL ee 26206) = 
lunch room 100/14 = 7.15 Ui Mise Geran Ue 0) 
warehouse 50/14 = 23,5/ Sele Ot OU 
inspection area 50/14 = 93.57 Sear 8S00 
work-in-process 

area 100/14 = 7.15 7.15 x 4.320 
production line 30/14 = 2.14 2.14 x 4,672 


Total annual power requirement 


286,000 KWH 


W 


Power load = 143 KW x 8 Hrs x 250 days 
Light load = 103 KW x 8 Hrs x 250 days = 206,000 KWH 
Car plug in for winter season 


OV4-kKW x 18 cars x Genrs x ~60 days 


= 3,456 KWH 
Annual estimated consumption 


= 286,000 + 206,000 + 3,456 = 495,456 KWH 


23,648 
14,872 
22,848 

2000 


eae ils 
19,998 
102,197 watts 
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80 
According to the Edmonton Power rate schedule 
495,456 KWH 
12 mon. 


5000 
2675 + 41,288 


495,456 KWH x 0.005 $/KWH = 2477 = $2,500/Yr. 


= 41,288 KWH/Month 


% Orbpee 0050 8055 


7.3. The Selling Price per Home and the Monthly Payment 
The Revenue requirements approach is used in order to 
determine the selling price per home. The following calculations 
deal with the production operation for the plant. 
Assumptions are made: 
(1) Project life is assumed to be five years; 
(2) Straight line depreciation is used as CCA (Capital 
Cost Allowance) or depreciation; 
(3) MARR (Minimum Attractive Rate of Return) is assumed to 
be twenty percent after tax; 
(4) Income tax is assumed to be fifty percent; and 
(5) The project is financed by one hundred percent equity 
capital. The income tax factor o, therefore, is 


calculated as follows: 
i i 
Lae gaye ce ONO ae ape 
ES ee a pa aaeaetion ee ee Lem 


Total first cost consists of the cost of the equipment 
including the installation cost, the building, the land and the 
working capital. The summary of first costs, salvage values and 


depreciation are given in Table 7.1. 
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Revenue Requirements 
20% , 
5 Vears 


20% 
(Net Salvage Value) (a/f) SDS 


ATCrResdifotal First Cost) (a/p) 


942,822 x 0.33438 - 399,286 x 0.13438 


1or..002 = 93,090 


T2703 
IT 


@ (ATCFR - AEDE) 


The? 653 — 26,708) 
99"145 


" 


Operating Cost = 1,266,570 


i 


Revenue Required = 127,853 + 99,145 + 1,266,570 


ul 


1,4937,.968 
Selling price per home (panels only, excluding floor tiles, carpet, 
roofing, ceiling, servicing facilities) 


$1,493 ,568 


600 homes ~ 2¢287/home 


= 91.925) Sqn tite 

It is assumed that these dwellings are sold through real 
estate companies paying seven percent of the selling price of the 
dwellings as the commission. It is, therefore, estimated that ten 
percent of selling price of the dwellings is needed to take care 
of the total sales costs for the dwellings. 

The total dwelling cost to determine the monthly payment of 
this particular dwelling is estimated as follows so that an 
evaluation can be made as to the suitability of this dwelling for 


the low-to-medium income families. 
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Description Cost. $ 
(a) Panels 2,987 


(b) Materials: 
(1) Floor system 
Eloewretial esis aviny] vasbestoas 12" x 12" 
Kitchen SO SSC ux 
Bedroom sles Sol a eigine 
Hallway 112 sq. ft. 
Bathroom 36 sq. ft. 


Dinette AGeSd. iL. 
SCOnSO ent te Oi pOR Ces Game 105 


(installation cost included) 
Carpet, nylon pile 
Master's bedroom 144 sq. ft. 


Living room Re Eye Bae: 
316 sq. ft. © S1.400/sasatt. 316 


(installation cost included) 

Floor, fir plywood 611 
(2) Roof System 

Trusses 325 

Roof, plywood sheathing 465 

Root tig (ictal led) @ S17 /100=cae ett. x 7 20rsq ata lee 
(3) Ceiling system 

Ceiling (installed) @ $27/100 sq. ft. x 720 sq.ft. 195 
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Description Cost, $ 
(4) Servicing facilities system 
Servicing facilities (See Table 4.2) 25108 
(5) Foundation system 
Concrete basement with joist 
Cass /SG nat te x 720) Sa. 61 te 2.100 


(c) Connection blocks for locking mechanisms 
105" 


(ou 0" ex To x Ce 2257S bene. 158 
(d) Erection 1,000 
(e) Land 50' x 110' average land cost 6,000 


(obtained from Statistics of Canada) 


Total $17,203 
Sales cost 10% of the total deh 20 
Grand Total $18,923 


Assuming that present price trends will continue over the 
next three years the comparative cost of a FLEXI-GROW home purchased 
in 1974 by a low-to-medium income family versus a conventional home 
purchased in the same year is outlined in Table 7.4 based on the 
following assumptions: 

(1) The basic floor plan of 720 square feet will be 

expanded to 960 square feet in three years time; 

(2) The estimated cost of the expansion will be $11. 58 sper 


square foot based on a 5 percent growth in building 
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for conventional building 


sa.ft. $19,200 


**$ 6,000 


$ 5,000 
TOTAL $30,200 
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Table 7.4 Comparative Costs of a FLEXI-GROW Home Versus 


Year 


1974 
1974 


1977 


ror? 


a Conventionally Built Home 


Remarks 
FLEXi-GROW 
Home 
$ 

Initial cost 18,923.00 
Down payment 1,000.00 
Monthly payment at 

10% interest over 

25 years 143.39 


240 square feet 

addition @ $11.58/sq.ft. 

(960 sauare feet of living 
area) ITT SILO 


Additional monthly 
payment 25.46 


Total monthly 
payment 


— 


68.85 


Payment 
Conventional 
Home 


$ 


30,200.00 
1,000.00 


233.00 


Table 7.4 indicates that the monthly payment for a 


FLEXI-GROW home is more reasonable than that of a conventional home. 


This approach offers one feasible solution to produce dwellings to 


the low-to-medium income families. 
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CHAPTER VIII 
SUMMARY AND CONCLUSION 


The objective of this study was to develop and design a 
system of producing a functional home that is marketable and 
reasonable in price for the low-to-medium income family. The FLEXI- 
GROW housing system was selected as the chosen system for its 
flexibility to change the floor plan as desired and the minimum 
initial investment required. 

For the low-to-medium income families, a low down payment 
and relatively low monthly payments in the initial years are 
normally essential when purchasing a home. The dwelling being studied 
can be purchased with monthly payments of approximately one hundred 
and seventy dollars based on a one thousand dollar down payment. 

The cost data used is based on the specified items or 
materials required in order to come up with reasonably accurate 
cost estimates. 

The on-site erection time should not take more than seven 
days and requires a minimum number of experienced tradesmen. The 
expansion of the dwelling may be accomplished as easy as the 
original erection. 

The manufacturing system has the flexibility to produce 
panels of varying length where desired and to increase the 
production rate when demanded. A special effort was made to keep 


variations in panel sizes to a minimum in order to reduce 
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manufacturing and erection costs. The chosen system utilizes panels 
that are load bearing. | 

An in depth study has not been conducted at this stage with 
respect to the market demand for this housing system. However, 
rising costs of conventional materials and on-site manpower should 


be in favor of factory production becoming more viable in future 


years. 
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APPENDIX A 


POSSIBLE ALTERNATIVE FLOOR PLAN 


The figure is provided in the pocket 


at the back of the bound thesis 


9] 


ted20g aly n? bab) vorg ef wNMn af P0)y 
shadild Gmugd allt Yo donde te 


‘ rie 


ne 


rs 


APPENDIX B 


FIGURES OF THE PANELS DESIGNED AND SUMMARY TABLE OF PANELS 
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Coding 


The panel model numbers used are coded in the following 


Manner: 


E: exterior wall panel 
I: interior wall panel 


ST: exterior side 


triangular wall panel 


; ———-—Approximate wall panel length 
/ 


/ 


2 


E-15- WI-DI 
x a 


\ 


\ 


\ ‘ 
\ 


ca oom Dis cour s(:2-6 be) 
D2: door (2'-6"x6'-8") 
The door location is 
different than D1. 
i SD: sliding door 
\Window W1: 6'x4! 
W2: 4'x4! 
W3: 2'-6"x4! 
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TABLE B.\ SUMMARN TABLE OF PANELS 


PANEL WINDOW | DooR 1 NS. REG@’D PER HOME 
MODEL NO. SIZE SIZE 720 5aFT | 40 se@Ft! i200 sa FT 
E-\5-wl-Di 14- BY” Bese 2 | cc Ee GeR: | \ 
| 

E-1IS-w\ \4°- 84" (Ge oe oe \ 

E-1s-w2 14°- 8h” A 

E-\S-w3 14°- BA" 2-e"x 4 ' 

E-1\2-w2-D\ 1) — B” IAT a ga WSS (Mealy! \ 

E-12 W’- & = = 
E-l0- we q’- 8’ ax & es \ 
E-1o-sD Mas. GO xE-8 \ 


226% 6-3 2 \ 
2-bK 6-8 
) \ 
2-6'x 6-3" \ 
ie 
2+6 x 6-8" 1 
\ 
| 
2+6x 6-8" \ 
A 
3 \ { 
4 2 


THICKNESS San GONE > 
HEIGHT Fewer toms 
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PANEL 
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WINDOW size 6/x4) 
pooR SIZE 276"x 6-3" 
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SLIDE DooR SIZE 6-0 6-2 


PANEL L-\I2-b\ 


iste" : Pare 


DooR SIZE 2-6 x 6-3" 


Figure B.\) contiNuED 
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PANEL Soe 


TYPICAL EDGE PREPARATION FOR 
INTERIOR & EXTERIOR WALL PANEL 


CONNECTION @6LOCK 


Figure Bl contTinuep 
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APPENDIX C 


SERVICE FACIC IV EES 
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The following equipment may be installed in the dwelling. 

(1) Carrier Standard Weathermaker (option) 

Model 38 GC 
(2) Carrier Humidifier, evaporative type (option) 

Model 49BA001 

Operating weight 2091s: 

Supply water line 1/4" OD copper tubing, 

maximum length 20 ft. 


Jet pump capacity (gal/hr) 


Primary flow 3.45 

Minimum total flow 1220 
Dimensions 

Height 1'-7-7/8" 

Length 1'-4-1/2" 

Width 9-1/2" 


(3) Carrier Evaporator Coils (option) 
Model 28AE004 
Coil face area (sq. ft) ABA 
Coil rows (fins/in) Sy 
Air quantity, (cfm) | 
Nominal 1200 


Range 900-1500 
Maximum downf low 1320 
Dimensions (1'-3-7/8") x (1'-7") 
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Carrier Air Cleaners (option) 


Model 31MA012 


Operating weight (lbs) 50 

Air quantity (cfm) 600-1200 

Dimensions 29-5/3" x 8=-9/16" 
x 24-57 16" 


Crane FUTURA, prefabricated bathroom (option) 


Model 200 

Shipping weight (lbs) 500 

Crate size (5'-2")x(5'-9") 
x (3'-4") 

Lavatory supply 4" 

Centers 1-1/4" 


Waste and overflow f= fe. 
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APPENDIX D 


THE EQUIPMENT SPECIFICATIONS 
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Honeycomb expander and curer 


Manufacturer Union Camp Corporation 
1600 Valley Road, Wayne, 
Ned ce Ue Sek: 
Thickness of core capable If2ceecs AL 
Width of core capable UPetOebb" 
Weight 756800) Tbs. 
Operation speed 6 ft. v 10 ft/minute 
Uncoiler 
Manufacturer Elkhart Welding & Boiler Works, Inc. 


2132 South Main Street, 
Bikiarts indiana U.s.n. 


Model J 48] 

Capacity 100,000 Ibs. 

Drive Motor driven, 1.5 KW 
Weight 1,000 Ibs. 

Height 4'-Q" 

Width 4'-Q" 

Length 4'-Q" 


Lock-former 


Manufacturer General Metal Machinery Ltd. 
10820 - 119 Street, 
Edmonton, Alberta 


Capacity Maximum 20 gauge steel 
Weight 500 Ibs. 

Height 3'-0" 

Width 4'-0" 


Length 8'-0" 
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Lock-former (continued) 


Motor 0.75 KW 


Foam curing conveyor 


Supplier Coutts Machinery Company Ltd. 
9119 Stadium Road, 
Edmonton, Alberta 


Weight F500 gIbs= 
Height 6'-0" 
Length 10'-0" 
Width 9*-0" 
Motor 1.5 KW 


Foaming machine 


Manufacturer Unifoam Incorporated 
PEORN BOX 272) Stavion By 
Toledo, Ohio U.S.A. 


Distributor API Systems 
11034 Sutter Avenue 
Pacoima, Galifornia, U.S.A; 


Model number oe) 

Output per minute 4 ~ 12 pounds 
Weight ASO00 1pse 
Height 36-07 

Length 4'-0" 


Width 3°-0" 
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Equipped with: 
Froth package assembly 
Pump speed tachometers 


Automatic purge 


(1) 

(2) 

(3) 

(4) Additional hose, 50 ft. 
(5) Pressure Tank assembly 
(6) Heating and cooling system 
(7) Solvent drum pump 

(8) 


Material drum pumps - two. 


Slitter 
Frication saw, heavy duty, industrial use accompanied by a 
T1G\ 
Motor 0.5 KW 

Pebble pattern roll former 

Manufacturer General Metal Machinery Ltd. 


10820 - 119 Street, 
Edmonton, Alberta 


Capacity Maximum 20 gauge steel 
Weight SU0mIbS. 

Height 3'-0" 

Length 8'-0" 

Width 4'-Q" 


Motor 0.75 KW 
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Roller conveyor, partially motorized 


Supplier 


Weight 
Height 
Length 
Width 


Motor 


Glue applicator 
Supplier 


Tank capacity 
Glue depositor 


Roll 


Circular saw 


Heavy duty, industrial saw 


Motor 
Crane 
Manufacturer 


Distributor 


Type 
Capacity 
Span 


Motor 
Electric control] 


Overhead 
5 tons 
35 feet 


Sle 


device equipped 


Coutts Machinery Company Ltd. 
9119 Stadium Road, 
Edmonton, Alberta 


Cie QUU Se 
2'-6" 

Oia te ine cota 
8'-6" 


0.5 KW 20 motors required 


Coutts Machinery Company Ltd. 
9119 Stadium Road, 

Edmonton, Alberta 

50 gallon 

Va1/2"" dia.x, 6: —6e 


Se Clide Kar OO, 


0.5 KW 


Canadian Monorail Company 
Farwil Corporation 
10441 - 123 Streee 
Edmonton, Alberta 
Overhead 
3 tons 


35 feet 


Cha ipelae 
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APPENDIX E 


THE PLANT LAYOUT 


The figure is provided 


in the back of the bound thesis 
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APPENDIX F 
ALTERNATIVE WALL CONNECTIONS STUDIES 


The following connections were developed as the alternative 
wall connections: 
(1) Corner connection for exterior wall panels; 
(2) Corner connection for interior wall panels; 
(3) "T" connection for exterior wall panels; 
(4) "T" connection for interior wall panels; 
(5) Straight connection for exterior wall panels; and 
( 


) 
6) Straight connection for interior wall panels. 


F.l The Corner Connection for Exterior Wall Panels 
The corner connection for exterior wall panels is shown 
in Figure F.1. This is the connection method to joint two exterior 


wall panels at a corner. 


F.2 The Corner Connection for Interior Wall Panels 
Figure F.2 shows the corner connection for interior wall 
panels. This connection mthod is used to connect two interior 


wall panels at right angles. 


F.3. "T" Connection for Exterior Wall Panels 

Figure F.3 describes the detail of the "T" connection for 
exterior wall panels. As it is self-explanatory, three walls, 
two exterior wall panels and one interior wall panel, are connected 


like 1 letter. 
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F.4 "T" Connection for Interior Wall Panels 
This connection method is shown in Figure F.4. This method 
is used to joint two interior wall panels or three interior wall 


panels like T letter. 


FeO en Ne otra int seonnection 70r Exterior Wall Panels 


Figure F.5 shows two exterior wall panels to be connected 
straight. This connection method will be used in the extension 


of the master's bedroom in expansion one. 


F.6 The Straight Connection for Interior Wall Panels 
This connection method will be used to connect two interior 
wall panels straight. The detail of the connection is shown in 


Figures). 6. 
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CORNER PLAN VIEW 
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CORNER CONNECTION perTaAit. 


FASTEN 
SEALAST. \ / ‘STEEL. STUD 2 x4" 


“SEXTERIOR WALL 


EXTERIOR WALL 


CORNER CONNECTION DETAIL FOR EXPANSION TWO 
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UCORNER COVER 
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INTERIOR WALL 


FASTEN CTY PL) 


INTERIOR WALL 
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"T" CONNECTION DETAIL FOR EXPANSION TWO 
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APPENDIX G 


THE LOAD CALCULATION 


G.1 Load Calculation 

In order to design the panel which is the main component 
of this dwelling, the load applying to the panel has to be 
determined. 

The following calculations are based on 720 square feet, 


(30' x 24') home. 


G.2 Roof Load 
(1) Dead load of the roof 


Roof sheathing 


litle VS) SG ett aoc Loo, eee WOSh eps. 
Truss 
2.65 lbs/board feet x ae) x 69 ft. req'd 

Xi pls sede ay /07 aibSs. 
Roof material 
Ze S/S a Mateo Dal aol) eene Zel2Oe bs. 
Total ALOl2 bose 

(2) Snow load and wind load 

S = C. eq 
where S: design snow load 


q: ground snow load 
Edmonton 27 psf 
Calgary 19 psf 
27 psf is chosen for calculation 


| ae es sity. 2 fete Toma silt hears 
ad of 2a Foneq silt of pitylugs. bisa at? x! 


49a srouse OF) 10 bezsd ave 2nctteluolep pr 
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2if 2801 S x¢ O00 x' 6) ga =a 4 esas 


b' poy Ft CF x {ned 4 Pes? ssh 2.8 
eat SONS cae BT x 


ened 
ad? est, o ripen Ae) x gt peladt 8.8 


.2dt $18, fasot 
2 


hecl briw bys beet 


Co: Snow load coefficient 
tei cle! ) 
50 


(oe 
i 


Ieee | 6 es 


Tab #0 Bedye0 -23 ) 
Ses 
Seo 82xk e27 psi = 35.1. pst. 
Goo) [otal Snow Load 


Total snow load = 35.1 psf x 986 ft.2 (roof area) 


34,609 Ibs. 

If the roofs are exposed to the wind, the value of C ws 
reduced by 25%, that is, total snow load would be 34,609 lbs. x 0.75 
=725.95/ 11bSs 


G.4 Wind Load 
Dew ee Gey te oe 0 ick 


where  p: design external pressure 
q: reference velocity pressure 
location; Edmonton 10.7 psf 
Galgary ll v3 pst 
GC exposure econ. all.0. 
Gesigusteet tect factor. 2.0. 
Co: external pressure coefficient 0.7. 
De=o llc pS a WeUeK eco Uae oe oapsr (One cie 


vertical surface). 


: ee 
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AS .1bI96) toate eB ck 


¥.0 Insiarttsao sruEeayg, Tie 
add Ho) rat BX. eT = os a 


The pressure on the roof which has the slope 2/12: 


14 psf* 
40 psf 


Total wind effect on the roof: 


986 ft2 
a eee 


pi ="19 5/8 pst x 


= 6.9c pS. 


6.97 pst % = Poa 2S. 


G.5 Total Load of Snow and Wind 


Total load of snow and wind 

= Snow load + Wind load 

=o 7 g9 0) MlOSe dee. 412 oS gaa CO 4 oO Ol Se 
This is less than the maximum snow load, 


34,609 Ibs., therefore 34,609 Ibs. is chosen. 


G.6 Total Roof Load 
Total load of roof 


Dead joad + Snow and Wind Load 


4,912 + 34,609 


=P 39 .501c 10S. 
2 ol eae 
= O00 =| 7296: tons. 


* See page 310 of [18]. 
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Cavs Load Distribution on the Center Interior Wall and Exterior Wal] 


Bop Ole, WS / Ze t= Wal s/t t 


4 si 
wu at 
Ri I[vwZ Ra B Ry Ww 
sé 88 of 
ea aa wy 
. ES = 
oe 
Ro = (g + 5) x 1,411 Ibs/ft x 12 ft. 


= (2 0e texeea tl tbs /tt) /1e5= 20,948 Ibs. 


7 
iH] 


, = (28x 1,411 Ibs/ft - 20,948 Ibs) x >= 9,280 Ibs. 


G.8 Load on the Center Interior Wal] 


20,948 1bs/34 Tt = 616 Ibs/ft. 


\ “CENTER INTERIOR WALL 


Me ee a a Oe Se 


Force applying on the center interior wall 


SPU. 948 bs/i ic 2 oe ott bcs 1ps7 ie. 


eo 


* See the page at 442 of Mechanical Engineers "Handbook", fifth 


edition, 1952, by L.S. Marks. 
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G.9 Load on the Exterior Wall 


OrroUs0S/30, 1 t=. 300 dbS/Te. 


EXTERIOR 
WALL PANEL 


eae 


> 2 < ——---- — ——-— —-—— ——-—-- 30° - 


The load of 873 lbs/ft. is chosen as the design load. 
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